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Highly Pathogenic Avian Influenza A(HSNS8)
Virus, Democratic Republic of the Congo,
2017

Technical Appendix

Materials and Methods

Genome Amplification and Sequencing

We purified total RNA from 4 HPAI H5N8-positive clinical samples, collected in the
Democratic Republic of the Congo (DRC), using the Nucleospin RNA kit (Macherey-Nagel,
Diren, Germany). We amplified whole influenza A virus genomes using the SuperScript 111
One-Step RT-PCR system with Platinum Taq High Fidelity (Invitrogen, Carlsbad, CA, USA)
(1). Following the manufacturer’s instructions, we obtained sequencing libraries using the
Nextera DNA XT sample preparation kit (Illumina, San Diego, CA, USA) and quantified them
using the Qubit dsDNA High Sensitivity Kit (Invitrogen). We determined the average fragment
length using the Agilent High Sensitivity Bioanalyzer Kit (Agilent Technologies, Santa Clara,
CA, USA). We sequenced the indexed libraries in multiplex for 250 bp paired-end on Illumina
MiSeq.
High-Throughput Sequencing Data Analysis

We assessed read quality using FastQC v0.11.2
(https://www.bioinformatics.babraham.ac.uk/projects/fastqc). We filtered the raw data by
removing reads with more than 10% of undetermined (N) bases, reads with more than 100 bases
with Q score below 7, and duplicated paired-end reads. We clipped the remaining reads from
Illumina Nextera XT adaptors with scythe v0.991 (https://github.com/vsbuffalo/scythe) and
trimmed them with sickle v1.33 (https://github.com/najoshi/sickle). We aligned high-quality
reads against a reference genome using BWA v0.7.12 (2). We processed alignments with Picard-
tools v2.1.0 (http://picard.sourceforge.net) and GATK v3.5 (3-5). We called single nucleotide
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polymorphisms were called using LoFreq v2.1.2 (6) and used the outputs to generate the

consensus sequences.

Phylogenetic Analyses

We aligned consensus sequences of the complete genome of the 4 samples from DRC
(Technical Appendix 1 Table 1) using MAFFT v7 (7) and compared them with the most related
sequences available in the Global Initiative on Sharing All Influenza Data (GISAID) database
(https://www.gisaid.org) (Technical Appendix 2, https://wwwnc.cdc.gov/ElD/article/24/7/17-
2123-Techapp2.xIsx). In detail, for each gene segment, we aligned the sequences of the HSN8
viruses from DRC with all the H5 sequences belonging to clade 2.3.4.4 group B available in
GISAID at the time of writing and with the 50 most related sequences resulted from a BLAST
search (https://blast.ncbi.nlm.nih.gov/Blast). We obtained maximum-likelihood phylogenetic
trees using the best-fit general time-reversible model of nucleotide substitution with gamma-
distributed rate variation among sites (with 4 rate categories, I'4) and a heuristic SPR branch-
swapping search (8) available in PhyML v3.1 (http://www.atgc-
montpellier.fr/phyml/versions.php). We performed 1,000 bootstrap replicates. Phylogenetic trees
were visualized using FigTree v1.4.2 (http://tree.bio.ed.ac.uk/software/figtree/) (Technical

Appendix 1 Figures 1-9).

Estimation of Time to the Most Recent Common Ancestor

Using BEAST v.1.8.4 software (9), we estimated the tMRCA of the HPAI H5N8
identified in the DRC for the HA gene segment. We selected a HKY85 + I's nucleotide
substitution model with 2 data partitions reflecting codon positions (1st + 2nd positions, 3rd
position) with base frequency unlinked across all codon position (SRD06 substitution model).
We adopted a relaxed uncorrelated lognormal molecular clock and constant population size as
the tree prior. We used Markov chain Monte Carlo (MCMC) and chain lengths of 100 million
iterations to achieve convergence. We used TreeAnnotator v1.8.4 to summarize the maximum
clade credibility (MCC) phylogenetic tree from the posterior distribution of trees, after the
removal of a burn-in of 10% of the samples. We used FigTree v1.4.2
(http://tree.bio.ed.ac.uk/software/figtree/) to visualize the MCC tree (Technical Appendix 1
Figure 9).
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Technical Appendix Table. Epidemiologic information and gene segments accession humbers of the H5N8 viruses characterized

in this study, Democratic Republic of the Congo, May 2017

Date of sample
collection Sampling site Isolate

Accession number*

May 14 TCHOMIA A/duck/Democratic Republic of the
Congo/17RS882-5/2017 (H5N8)

May 15 JOO Al/duck/ Democratic Republic of the
Congo/17RS882-29/2017 (H5NS8)

May 14 MAHAGI Al/duck/ Democratic Republic of the
Congo/17RS882—33/2017 (H5N8)

May 13 KAFE Alduck/ Democratic Republic of the
Congo/17RS882-40/2017 (H5N8)

MG607404 for PB2 gene; MG607408 for PB1 gene;
MG607412 for PA gene; MG607420 for NP gene;
MG607424 for NA gene; MG607428 for MP gene;

MG607432 for NS gene

MG607401 for PB2 gene; MG607404 for PB1 gene;
MG607409 for PA gene; MG607417 for NP gene;
MG607421 for NP gene; MG607425 for MP gene;

MG607429 for NS gene

MG607402 for PB2 gene; MG607406 for PB1 gene;
MG607410 for PA gene; MG607418 for NP gene;
MG607422 for NA gene; MG607426 for MP gene;

MG607430 for NS gene

MG607403 for PB2 gene; MG607407 for PB1 gene;
MG607411 for PA gene; MG607419 for NP gene;
MG607423 for NA gene; MG607427 for MP gene;

MG607431 for NS gene

*HA, hemagglutinin; MP, matrix protein; NA, neuraminidase; NP, nucleoprotein; NS, nonstructural protein; PA, polymerase acidic protein; PB1,

polymerase basic protein 1; PB2, polymerase basic protein 2

Page 4 of 12



I5N8 Europe 2016-2017

Republic/1414-1772017_HSNB
»_turkey/Czech_Republic/1414-17/2017_H5N8

HA gene
DR Congo

g dnoig

Aturkey/italy/17VIR638-172017_HSNS A
inted_stor/ndia/ 10CAQ32016_H Q
|—— Avgreat_crested_grebe/Uvs-Nuur_Lake/341/2016_HSNS )
E ._Republic_of_the. 332017_HENS Q.
— ;_Republic_of_the_( 5/2017_HENS )
:_Republic_of_the_ 40/2017_HSNS
Congo 1 7RS882-20/2017_HSNS N
Alduck/india {0CA0172016_HSNS w
AL 17VIR133-2/2017_HSNS b
Nwmwwynevlksevs-mw HENS D
Afmute_swan/Croatial102/2016_HSNS B
Almute_swan/Poland/6412017_HSNS »
— L Aimute_swan/Czech_Republic/2031-17/2017_HSNS
Alenvironment/Kamchatka18/2016_HSNS
HSNS Qinghai 2016
L Atduck/Eastem_China/ST108/2014_HSN8
Algoose/Zhejiang/25037/2014_HSNB
Aduck/Liaoning/S100172014_HSN8
Alduck/Eastern_China/S0215/2014_HSNE
Algoose/Zhejiang/92510672014_HSNG
Ng/925104/2014_HSNE
H5NB China 2013-2014
WEastem_China/S1210/2013_HSN8
ABaikal_tealKorea/H52/2014_HSNB
juck/Korea/Gochang172014_HSN8
AgooeeZielangTT 1082014 2
e
AigooseY' 2012014, Hsm
Alduckiiangxi2397072013_A_2013-10-20
‘Alduck/Eastem_ChinalJY/2014_HSNS
p Agooseliangsu/Ql HENG
‘AlduckiShaoxing/524072013_A_2013-10-28
Alduck/Zhejiang/601872013_HSNS
AlgooseiJiangsuWX202/2014,
\_China/S04082014_} HSNB
Alduck/Eastem_China/L0611/2011_HENS
-~ ] H5NG Eurasia 2014-2015
Aigoose/Eastemn_Chinall 1214/2012_HSN8
Alduck/Eastem_ChinalL 0405/2010_HSN8
Aduck/Eastem_Chinall 0423/2011_HSN8
Alduckl iangsu/k1203/2010_HSNE
Aduck/Eastem_Chinall0722/2012_HSNS
1 _China/L 120472012_HSN8
| _H5NS
| 2] Mgoose/Ouangdong/s131242013 HENS
Alduck/Shandong/Q1/2013_HSNS
-1 ) Alchicken/Burkina_Fasa/t5VIR1774-3572015_HSN1
A { Auckivory Cos VIR 5742, 172015_HSN1
23] 572018_HSN1
L 13/2016_H5N1

e AduckiQuang Nint19c51172013_HENg

0009

Technical Appendix Figure 1. Phylogenetic trees constructed by the maximum-likelihood method of the
hemagglutinin (HA) gene segment of the 4 isolates of highly pathogenic avian influenza virus A(H5N8)

from the Democratic Republic of the Congo in May 2017. Viruses analyzed in this study are highlighted in
red. Bootstrap supports higher than 600/1000 are indicated above the nodes. Scale bar indicates number

of nucleotide substitutions per site.
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Technical Appendix Figure 2. Maximume-likelihood phylogenetic tree of the neuraminidase (NA) gene.
The H5N8 viruses from the Democratic Republic of the Congo are marked in red. Bootstrap supports

higher than 600/1000 are indicated next to the nodes. Scale bar indicates number of nucleotide
substitutions per site.

Page 6 of 12



HSNS Europe 2016-2017
Agrest_cresied,_rsbativs-MharLakari4112016 Hsiie
wrmn_go«u\(ankmmno 6_H:

eylllabyl17\/|R535-|120|7 H5NS

MP gene

Republic_of_the_Congof17RS882-33/2017_HSENS
the_ Congonmsnz -5/2017_HSNS
_Congol17RS882-4012017_HSNS

Alduckingial 10CAQ112016_ HENB
Nﬂldmllllxlyl!MRﬂJ«mV HSNS.

imute_s
Almute_ Rogub-azozv wmw H5NS
|— AenvironmentKamchatka/18/2016.
Adwigeon/italy/16VIR9616-3/2016_} H5N5

HSNS
Algrey_heron_/Uvs-Nuur_Lake/20/2016_HSNS
Aicommon_tern_fUvs-Nuur_Lake/26/2016_HSNS
Awild_duck/Tyva/35/2016_HSNS
& Algreat_crested_ _gmn/rmm.rzo‘s HSNB.
[——— ABarh PAIBTYIELUQOTG HENG
H5NE Qinghai 2016

Afduck/Mongolia/d99/2015_H1ON7
—.{ Alduck/Mongolia/626/2015_H1ON7
r Alduck/Mongolial709/2015_H10N7
Alduck/Vietnam/LBM798/2014_H3NG
Alduck/Mongolia/173/2015_HINS
AGuckiMongolia/179/2015_HING

731 S_HTNG
(884 Aduck/Jiang/32213/2013_HTNG
juck/Jiangxi/34864/2013
——— Alwild_bird/Wuhan/COHNO1/2015_H11N9

[— Aduck/Mongolia’996/2015_H3)
178 62) Alchicken/Jiin/SD001/2014_HIN2

Alduckiiangx33637/2013_H1ON3
' AiduckiHokkaidoW/2015_H1IN1
Alduck/Mongolia/54312015_HANG
AduckfHunan/S11090r2012 HeNS

506, inh/S0c11212013_HIN2
[ MoekCrongaing'S20862012 | s

NG
MWW‘ZH‘ZOL’D NIN!
| _{— (ealChany/63/2011_H3NG

A/European_t
‘| | l—— AlduckWuhanWHYF05/2074_HON2
H4NG

] H5NB Eurasia 2014-2015
o] Alduckiivory_Coast/15VIR2742-212015_HSN1
1 AcickenChanal1SVIR2588.92015 HBN1

lNemdwnlemna Fm‘s\/lan 3512015_H5N1

Technical Appendix Figure 3. Maximume-likelihood phylogenetic tree of the matrix protein (MP) gene.
The H5N8 viruses from the Democratic Republic of the Congo are marked in red. Bootstrap supports
higher than 600/1000 are indicated next to the nodes. Scale bar indicates number of nucleotide

substitutions per site.
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Technical Appendix Figure 4. Maximume-likelihood phylogenetic tree of the nucleoprotein (NP) gene.
The H5N8 viruses from the Democratic Republic of the Congo are marked in red. Bootstrap supports
higher than 600/1000 are indicated next to the nodes. Scale bar indicates number of nucleotide

substitutions per site.
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Technical Appendix Figure 5. Maximume-likelihood phylogenetic tree of the nonstructural protein (NS)
gene. The H5N8 viruses from the Democratic Republic of the Congo are marked in red. Bootstrap

supports higher than 600/1000 are indicated next to the nodes. Scale bar indicates number of nucleotide
substitutions per site.
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Technical Appendix Figure 9. Maximum clade credibility phylogenetic tree of the hemagglutinin (HA)

gene. The H5N8 viruses from the Democratic Republic of the Congo are highlighted in the light blue box.
Posterior probability values higher than 90% are indicated next to the nodes. The mean time to the most
recent common ancestor (tMRCA) and the 95% highest posterior density intervals of the relevant nodes

are indicated in the gray boxes.
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